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An Experimental Study to Predict the Concentration of Moving
Tire and Road Wear Particles from Road to Ocean Environment
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In this study, sample collection and quantification analysis of Tire and Road Wear Particles (TRWP) from the road surface were
conducted to predict the amount of TRWP generated on the road surface moving by environmental compartment depending on
rainfall intensity. Samples were collected from TRWP remaining on the road surface two days after the 3 days average rainfall (0-60
mmjday) occurred and the road surface was completely dry. Only TRWP were separated from the collected samples through size and
density separation, and the difference in the content of TRWP remaining on the road surface after rainfall was based on the value of
60.2 g of TRWP on a day without rain (0 mmj/day). By calculating, it was confirmed that 0-49.4 g of TRWP can move to the
environmental compartment depending on the intensity of rainfall. In addition, it was confirmed that when the rainfall intensity was 60
mm/day, the amount of TRWP moving to each environmental section was 3.75 times higher compared to 5 mm/day, and using the
results of previous research, the total amount of TRWP that can be transported to the environmental compartment by rainfall from the
domestic road environment annually is 9,592 tons, and 288 tons of this can be affected by marine microplastics. However, this study
has limitations in terms of limited space and predicted results, but it would like to mention the need to improve the domestic road
environment and sewage treatment system to reduce TRWP. In the future, we plan to conduct sample collection and concentration
analysis studies of TRWP in real environmental compartments to verify the results of this study.
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Keywords : Tire and road wear particles(TRWP), Storm water, Microplastic, Sewage treatment system
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Table 1. Sampling date and average rainfall 5days ago

Date 7/20 | 7/29 | 8/6 | 8/14 | 8/19 | 8/26 | 9/1

Average rainfall

60 0 10 30 2 15 5
(mm/day)
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Fig. 3. The picture of sample collection locations (on the road) around
the express bus terminal

A 20 EE2 =Hez 2 LT
OflM OlE &S MAHatAf,
el A UHS 0lZsh E0|0] D2 YAIRS
22|3CHKang and Kim 2022), [ CHUSH 2t 722l0) ZX
Et0J0f OF2QUXIO] 27]= 1,000 pm O[5t2 Y24M™ QU

=

>
2 Trlo
Rl
|0
0x
e

=

ot= 7|
2ol 2 720l A= 50-1,000 um HelQ ME2IAR7IE 0f
8otod, d=S0l islt X 37| 22l AHgs AT

(Kovochich et al, 2021).

HEe ANV IE Solf 2ele ME2 U 2| X2E Sl
0t EFO|0] D2 JAI2HS 22/3YCE Jung and Choi(2022)2]
7 Zmfofl OJ51H EFO[0] 02 XLS| U&= 13-1.6 g/em’2R

2 U0{ 1.3 g/cm’0[512} 1.6 g/em’0|49| 0|BE HIAHE &
H(Jung and Choi 2022), Z&= 2f0| 2.497 g/cm®Ql CHO|E2 20|
EXDibromomoethane)t U= ZH0| 1.256 g/cm®Ql E2HA 2—
Clo|22 20| E2l(Trans—1,2-Dichloroethylene)g £2| A|2kS
2 AEICL

IS

ol



T20|M i &7

Kang and Kim(2022)2]

oI iHol| et A (1)2 olSsl E
A-12-ClO|22 20|20t CHO|E22HES 100:0 wie 2
70:30 wi%, 40:60 wi% H|82 S8l Y=t 1.26 g/em® 2 1,63
g/em’ 2.0 g/em’™@l SEHS HZEFI0, 3TA| U= H2IE 5

ol EO[0f DH=RUXIZtE Z2(3C,

X B

Density = ((A 2 tio) ) 0-997 (1)

density x Aratio)Jr (Bdé’nszty

Adensiwgf AraﬂoE EfO|E§Em|'§9| DelE ﬁkOJ 2497 Q/Cmsgf

S8 HIZ2, Buren & Buoks EHA12-CH[S2201Z0 U
31911256 g/om'et £ HI2S Olnjaitt E3t 09972 2o
Y=g oojaiih MAE ZEAS UK HIE ZHIIS 0183
U S SIS, MZ 5 g EFA 100 02 ET MBAZH SOt
Wx[e = U BR0) olpt 0| 2alS Holst 7|, 45
o 7} 16 g/emPOINY FR)ELE FIER(EEY U3
o/cr*0 51 Z)e] Ef0lof Dl Rt EBE 2

|
11,100 T 204 48AI12F S 71 Xi2|E Sl
A8l

HMostn, 24 282 Sl d=t 2gs

Y

3 ME =l 23t 88

NFSUN eill
5 oAM=

T

o
dEA7|T6

Z(SEM: Scanning Electron Microscope) 2} Of|HX |2

™

>

7|([EDX: Energy Dispersive X—ray Spectroscopy), &

0

= A Thermo Gravimetric Analyzer)Z 085610, ¥4
1t et g 24E Sall ME 22| 21 455 +RUHRosso

et al, 2023; Rausch et al. 2022).
42 Xfolol| ofst =L =2 2HH0|A AMAE EFO|0] DX}
fRQXtel 2t 7R 0|53 HIge =2

(100 %) — E(76 %), oFt(24 %) — 221 %), ot E[HS(3
%) — ICK3 %), 2 EIXE(8 %)= SBIUC

Tl OISt Elolof DlRRintel SES olEE| flst A o7

removal

ar emissions
Atmos-
(18%)

freatment
%)

phere faciliies

) a
fire wearrelease | poaq torivers | giptaca
Estua to estuary
E:) surfaces ﬁ:) E> E:> waters :> i (2%)
217 607ty (100%) (19%)
¢ ol
e fe gradion | feesial Aquate | storage and degradation
(61%) sals sediments (17%)

Fig. 4. The picture of movement amount of tire & road wear particles
by environmental location in the Seine river

=y

Table 2 Z1t0f| 2H, AL 0/% 0 mm/day, 2 mm/day, 5
mm/day, 10 mm/day, 15 mm/day, 30 mm/day, 60 mm/day Z&=
of mrat =2 =Ho| HoIl= EH0l0] OI=Z XIS et BiX|
Slef0| Wt 309.8 g, 289.3 g, 217.2 g, 160.3 g, 1436 g, 127.4
g, 115.7 g = SIRI3ICt 5l 2 79| Z|of Z<(60 mm/day)
S H|Ww3tH EfO[0] D2

)
0y
10
(@)
3
3
—~
o
QO
=
08
og
S y
£Q
mjo
ox
40
i

ESt 42 01F 0 mm/day, 2 mm/day, 5 mm/day, 10
mm/day, 15 mm/day, 30 mm/day, 60 mm/day Z=0]| 2}, =2
LCHo| FolRU= Ef0]0] D=2 Xz Hat 602 g, 60.1 g, 47.0
0,376, 2449 202 g 108 gO& OIS} 0l= 2R ZwIt
A= of e Efolof 0j2YURDt B 78R oS3 4
P o|0|Bict, BrHHo| 4% &0l 2 mm/day?t < Fe0

mm/day®| =2 L=FH0f HOIU= Et0[0] DIZ Xt Sfgfs

=
k=2
MO
o=
=

A
T
=4
=
o= 0

staziMasixtelsts] =27 20244 62 199



Yy - xige

ol

Table 2. The amount of dust and tire & road wear particles by the separation of the size and specific

S Rainfall AVG No.1 (g) No.2 (g) No.3 (g) No4 (g) No.5 (g) No.6 (g)
(mm/day) Size | Specific | Size | Specific | Size | Specific | Size | Specific | Size | Specific | Size | Specific
7/20 60 116.44 10.8 114.12 | 10.84 | 11349 | 1073 | 116.68 | 10.76 | 11526 | 10.82 1182 10.74
7/29 0 304.84 | 60.44 | 314.38 | 6038 | 308.43 | 60.1 307.87 | 59.97 | 310.11 | 60.49 | 31325 | 59.73
8/6 10 16498 | 37.63 | 159.57 | 3725 | 158.69 | 3742 | 162.96 | 37.83 | 157.62 | 37.69 | 158.13 | 3791
8/14 30 12656 | 20.12 | 12872 | 20.04 | 127.36 | 20.32 | 127.33 | 20.31 | 127.24 | 20.28 | 127.32 | 20.24
8/19 2 285.52 | 60.12 | 290.58 | 60.14 | 291.64 | 59.68 | 287.83 | 59.81 | 290.66 | 60.62 | 289.47 | 60.29
8/26 15 14444 | 2428 | 14552 | 2454 | 14037 | 2449 | 143.18 | 2426 | 14557 | 2455 | 142.64 | 24.48
91 5 214.55 | 4685 | 21842 | 46.94 | 213.76 | 4732 | 216.64 | 46.62 | 221.75 | 4725 | 217.88 | 47.16
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Camatini et al, 2001), 0|= 22| 2o 22x|7} §l2S o|o|stct.
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(b)

Fig. 5. The pictures of the road sample by the separation of the size and
specific by the SEM measurement : (a) result of separation of the
size, (b) result of separation of the specific
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Table 3. Overview of key analytical results for EDX mapping

Material

Elemental map

Tire tread compound

S, Zn, Na, Si, K, Mg, Ca, Al

Road surface

C, O, Si, K, Mg, Ca, Al

Tire & road wear particles

S, Zn, Na, C, O, Si, K, Mg, Ca, Al

2 o719 %%%F%wl 2A A= Table 49& s
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Table 4. Result of component of the marker and tire & road wear particles by using the TGA analysis equipments

B 0|3t E0l0f DIRRtol SEE ofS5l| it MEE o7

Materials Tire & road wear particles (TRWP)

Tire Road No.1 No.2 No.3 No.4 No.5 No.6

Organic (%) 10.32 0.94 3.78 3.71 3.62 3.75 3.73 3.69

Polymer (%) 51.54 2.12 7.57 7.63 7.68 7.64 7.59 7.62

Carbon black (%) 18.86 2.38 6.12 6.21 6.32 6.28 6.17 6.26

Ash (%) 19.28 94.56 82.53 82.45 82.38 82.33 82.51 82.43

Table 5. Calculation result of component of materials and TRWP by using the equation (2), (3)
Tire & road wear particles (TRWP)
Materials

No.1 No.2 No.3 No.4 No.5 No.6
Tire Road Tire Road Tire Road Tire Road Tire Road Tire Road Tire Road
Organic (%) 0.92 0.08 3.46 0.32 3.40 0.31 332 0.30 3.44 0.31 342 0.31 3.38 0.31
Polymer (%) 0.96 0.04 7.27 0.30 7.33 0.30 7.38 0.30 7.34 0.30 7.29 0.30 7.32 0.30
Carbon black (%) | 0.89 0.11 543 0.69 5.51 0.70 5.61 0.71 5.58 0.70 5.48 0.69 5.56 0.70
Ash (%) 0.17 0.83 13.98 | 6855 | 13.96 | 6849 | 1395 | 6843 | 13.94 | 6839 | 13.97 | 6854 | 13.96 | 68.47
Total (%) 30.15 | 69.85 | 3021 | 69.79 | 3026 | 69.74 | 3029 | 69.71 | 30.16 | 69.84 | 30.22 | 69.78
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Table 6. The result of the calculated of weight of tire & road wear particles movement using the table (2)

Date Calc.ulation No.1 No.2 No.3 No.4 No.5 No.6
equipment (8 (8) (8) (8) (& (&
7/20 0-60 49.64 49.54 49.37 49.21 49.67 48.99
7/29 0-0 - - - - - -
8/6 0-10 22.81 23.13 22.68 22.14 22.8 21.82
8/14 0-30 40.32 40.34 39.78 39.66 40.21 39.49
8/19 0-2 0.32 0.24 0.42 0.16 - -
8/26 0-15 36.16 35.84 35.61 35.71 35.94 35.25
9N 0-5 13.59 13.44 12.78 13.35 13.24 12.57
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Table 7. The result of calculated predicting amount of tire & road wear particles movement each various environments

Date TRWP_AVG Soil Fresh water Fresh water River River sediment Ocean
(@ (@ (@ sediment (g) (@ (® (®
7/20 49.40 37.55 11.86 1.48 10.37 8.89 1.48
7/29 - - - - - - -
8/6 22.56 17.15 542 0.68 4.74 4.06 0.68
8/14 39.97 30.37 9.59 1.20 8.39 7.19 1.20
8/19 0.08 0.06 0.02 - 0.02 0.01 -
8/26 35.75 27.17 8.58 1.07 7.51 6.44 1.07
9/1 13.16 10.00 3.16 0.39 2.76 2.37 0.39
Average 22.99 17.47 5.52 0.69 4.83 4.14 0.69
%)t 5HFI(24 %) O 2 3755 g1t 11.86 g O|=5lH, EXCZ 0|5 4. ?=_=| =
of EfO[0] Ot QUXte| IR EE EY 240 EXMEH, s1He2
0=t Ef0[0] DR UL & 12,5 %21 1,48 g2H0[ ohHof E1%(3 2 S0z ol3H sl =2 SHM Mys= 2F
%)EIEH SITOIM Z2Z 0I5(21 %)Z 4 U= Et0|0f O Xt A 3, lH7[EXI! g el 42 =0 2ot &t
£ 10,37 gO2 MEHCE 0/ 5847 %01 880 00| 20l EIF{(18  TEM 0SS 0IS57| Yok HTE AT FOLA| D
%)EIEH, ZE SAX|C! SHA(3 %)oil 1.48 gPH0| RYUE= A2 AHDIE FH E20IM MES 286, YA 2 B 22lE Sdf
AEFHCH 4% 0| =2 Mo "0lU= EL0[0f DIR2UXIRIS st
Do =2 L-Bio] E[0|0f DIRQA} B TEOR 0S8 4 QUL A2 BTt Unice el al (2019)2] Alg o171 ZTiE
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